Attorney Docket No. 36856.1145 
METHOD FOR FABRICATING CIRCUIT MODULE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for fabricating a circuit module that 
includes a substrate on which a chip component, such as a semiconductor chip, is 
mounted in a flip chip configuration, and more particularly, to a method for filling the gap 
between a substrate and a chip component with resin in a flip chip package. 

2. Description of the Related Art 

In flip chip package technology, in order to prevent stress on electrode bumps 
caused by a difference in thermal expansion coefficient between a substrate and a chip 
component mounted on the substrate, it is necessary to fill the gap between the 
substrate and the chip component in a flip chip configuration. 

Resin may be applied on the entire surface of the substrate. However, if a 
component is incapable of operating properly when it is in contact with resin is mounted 
on the substrate, it is necessary to fill only the gap between the chip component and the 
substrate with resin. 

One example of such a technique is disclosed in Japanese Unexamined Patent 
Application Publication No. 8-241900 which will now be briefly described with reference 
to Figs. 2A to 2D. Fig. 2A illustrates a flip chip package where a chip component 2 is 
mounted on a substrate 1 with electrode bumps 3 disposed therebetween. As shown in 
Fig. 2B, a resin 6 is partially applied to the flip chip package. As shown in Fig. 2C, the 
resultant flip chip package is encased in a hermetically sealed enclosure 8. As shown 
in Fig. 2D, a pedestal 4 that is equipped with a built-in heat source heats the resin 6 
while a decompressor 9 reduces the pressure inside the enclosure 8, thereby 
generating airflow. This airflow fills the gap between the chip component 2 and the 
substrate 1 with the resin 6. 
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Unfortunately, the technique disclosed in Japanese Unexamined Patent 
Application Publication No. 8-241900 has several drawbacks. That is, the technique is 
labor intensive since the enclosure 8 must be hermetically sealed and depressurized. 
Moreover, since the technique requires the decompressor 9, larger manufacturing 
equipment is necessary, which results in increased manufacturing costs. 

Furthermore, the current trend for miniaturization of circuit modules requires a 
higher packing density of components on a substrate. Thus, a technique in which resin 
does not widely spread outside the chip components is required. Moreover, in a circuit 
used in a higher frequency region, if resin with a low quality factor widely spreads over 
the substrate, the circuit module deteriorates. Thus, the undesired spread of resin on 
the substrate is also a problem. 

SUMMARY OF THE INVENTION 
To overcome the problems described above, preferred embodiments of the 
present invention provide a method for fabricating a circuit module, whereby the gap 
between a chip component and a substrate is filled with resin using simplified 
equipment such that the undesired spread of the resin on the substrate is prevented. 

According to a first preferred embodiment of the present invention, a method for 
fabricating a circuit module includes the steps of supplying a resin from a dispenser 
needle onto a substrate on which a chip component is mounted in a flip chip 
configuration so as to form a resin pool between a sidewall of the chip component and a 
sidewall of a dispenser needle, and spontaneously filling a gap between the chip 
component and the substrate with the resin of the resin pool. 

The resin pool is preferably formed between the sidewall of the chip component 
and the sidewall of the dispenser needle, and the gap between the chip component and 
the substrate is spontaneously filled with resin of the resin pool such that the dispenser 
needle prevents the resin from being spread beyond the dispenser needle in the 
opposite direction away from the chip component, and thus, the undesired spread of 
resin on the substrate is prevented. Accordingly, the chip component requires only a 
small area on the substrate, thereby increasing the packing density of components on 
the substrate. Furthermore, after the resin pool is formed, the dispenser needle stops 
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supplying resin and the gap between the chip component and the substrate is 
spontaneously filled with the resin of the resin pool. Thus, the dispenser needle does 
not require a supply of resin for a long period of time which simplifies the operation of 
the dispenser needle. Furthermore, resin is supplied with greatly simplified equipment 
without the necessity of a decompressor, leading to greatly reduced manufacturing 
costs. 

According to a second preferred embodiment of the present invention, a method 
for fabricating a circuit module includes the steps of placing a substrate on a pedestal 
having a built-in heat source to heat the substrate, the substrate including a chip 
component that is mounted thereon in a flip chip configuration, supplying a resin onto 
the substrate by a dispenser needle to form a resin pool between a sidewall of the chip 
component and a sidewall of the dispenser needle, and spontaneously filling the gap 
between the chip component and the substrate with the resin constituting the resin pool. 

It is preferred that the substrate is heated during this process because heating 
the substrate reduces the viscosity of the resin supplied on the substrate, thereby 
accelerating the rate of filling the gap between the chip component and the substrate 
with the resin. 

Preferably, in the first and second preferred embodiments of the present 
invention, the rate at which the resin pool is formed between the sidewall of the chip 
component and the sidewall of the dispenser needle due to capillary action is greater 
than the rate at which the gap between the chip component and the substrate is filled 
with the resin. 

Due to capillary action, the resin supplied by the dispenser needle forms the 
resin pool between the sidewall of the chip component and the sidewall of the dispenser 
needle and spontaneously fills the gap between the chip component and the substrate. 
The rate at which the resin pool is formed between the sidewall of the chip component 
and the sidewall of the dispenser needle due to capillary action is greater than the rate 
at which the gap between the chip component and the substrate is filled with the resin 
whereby the resin pool is immediately formed. 



3 



Preferably, the dispenser needle is fixed at the same location until the gap is 
filled with the resin of the resin pool in the step of spontaneously filling the gap between 
the chip component and the substrate with the resin constituting the resin pool. 

Since the dispenser needle is fixed, the gap is immediately filled with the resin of 
the resin pool, thereby preventing the undesired spread of the resin in the opposite 
direction away from the chip component Accordingly, the packing density of 
components on the substrate is increased. 

Preferably, in forming the resin pool, the distance between the sidewall of the 
chip component and the sidewall of the dispenser needle is preferably less than about 
0.15 mm. 

The distance between the sidewall of the chip component and the sidewall of the 
dispenser needle is preferably less than about 0.15 mm, thereby facilitating the 
formation of the resin pool between the sidewall of the chip component and the sidewall 
of the dispenser needle. 

Preferably, the chip component is a bare chip. When a bare chip is mounted on 
a substrate in a flip chip configuration, to protect the bare chip, the gap between the 
bare chip and the substrate must be filled with resin. With the preferred embodiments 
of the present invention, the gap is filled with resin using greatly simplified equipment. 

In the first and second preferred embodiments of the present invention, the circuit 
module preferably includes a radio frequency circuit. Although radio frequency circuits 
require high quality factors, resin generally used for filling gaps has a low quality factor 
as described above. Thus, in the radio frequency circuits, prevention of the undesired 
spread of resin on the substrate is required. Thus, the present invention is effectively 
applied to the radio frequency circuits. 

Preferably, the resin is an epoxy resin. The epoxy resin exhibits high electrical 
insulation, adhesiveness and heat resistance when it is cured. The epoxy resins are 
preferable to fill the gap between the chip component and the substrate. 

Preferably, the sidewall of the dispenser needle is coated with a water repellant 
material. The sidewall of the dispenser needle coated with the water repellant material 
prevents adhesion of resin to the sidewall of the dispenser needle. Even when the 
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circuit modules are successively fabricated, the dispenser needle stably supplies the 
resin. 

The above and other elements, characteristics, features, steps and advantages 
of the present invention will become clear from the following description of preferred 
embodiments taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 A to 1 D are cross-sectional views showing each step of a method for 
fabricating a circuit module according to preferred embodiments of the present 
invention; and 

Figs. 2A to 2D are cross-sectional views showing each step of a known method 
for fabricating a circuit module. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
With reference to the drawings, preferred embodiments of the present invention 
will now be described. Referring to Fig. 1 A, a chip component 2 is mounted on a 
substrate 1 via electrodes 3, such as metal bumps, disposed therebetween in a flip chip 
configuration. The substrate 1 is placed on a pedestal 4 which has a built-in heat 
source (not shown) and a dispenser needle 5 is brought close to the substrate 1 at a 
predetermined distance therefrom. In this preferred embodiment, the distance A 
between the sidewall of the chip component 2 and the sidewall of the dispenser needle 
5 is about 0.12 mm, the distance B between the tip of the dispenser needle 5 and the 
top surface of the substrate 1 is about 50 pm, and the distance C between the bottom 
surface of the chip component 2 and the top surface of the substrate 1 is about 40 pm. 

Referring to Fig. 1B, the pedestal 4 is heated to about 100°C and the dispenser 
needle 5 supplies a desired amount of resin 6. A resin pool 7 is formed between the 
sidewall of the dispenser needle 5 and the sidewall of the chip component 2 due to 
capillary action. The resin 6 is preferably primarily composed of epoxy resin and 
preferably includes, for example, about 55 percent by weight of a filler. The viscosity of 
the resin 6 is, for example, preferably about 100 mPa*s at a temperature of about 
100°C. Epoxy resins exhibit high electrical insulation, adhesiveness and heat 
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resistance when they are cured. In this respect, epoxy resins are preferable as the 
resin 6 to fill the gap between the chip component 2 and the dispenser needle 5. 

Referring to Fig. 1C, after the desired amount of the resin 6 is supplied by the 
dispenser needle 5, the resin 6 is left to stand. Due to capillary action, the gap between 
the chip component 2 and the substrate 1 is spontaneously filled with the resin of the 
resin pool 7. At this time, the dispenser needle 5 is maintained at a position shown in 
Fig. 1C, thereby minimizing the spread of the resin 6 beyond the dispenser needle 5 in 
the opposite direction away from the chip component 2 as indicated by the arrow in Fig. 
1C. 

If the resin pool 7 is not formed, the dispenser needle 5 must continue supplying 
the resin 6 at a desired rate until the gap between the chip component 2 and the 
substrate 1 is filled with the resin 6. Supplying resin in this manner is burdensome. By 
contrast, in preferred embodiments of the present invention, a desired amount of the 
resin 6 is supplied at one time to form the resin pool 7. After the resin pool 7 is formed 
and the dispenser needle 5 stops supplying the resin 6, the gap between the. chip 
component 2 and the substrate 1 is spontaneously filled with the resin 6 of the resin 
pool 7 due to capillary action, thereby greatly simplifying the manufacturing process. 

After the gap between the chip component 2 and the substrate 1 is filled with the 
resin 6, the circuit module is preferably heated at a temperature of about 150°C for 
about 60 minutes in an oven to cure the resin 6. This completes the filling process with 
the resin 6. Thereafter, if necessary, other electronic components may be mounted on 
the substrate 1, thereby completing the circuit module of a preferred embodiment of the 
present invention. 

Under the aforementioned conditions using the resin 6, the formation of the resin 
pool 7 was observed by experiments at various distances A, i.e., 0.2 mm, 0.15 mm, 
0.12 mm, and 0.1 mm. At the distances A of about 0.2 mm and about 0.15 mm, the 
resin pool 7 was not formed, whereas at the distances A of about 0.12 mm and about 0. 
1 mm, the resin pool 7 was formed. Accordingly, the distance A between the sidewall of 
the chip component 2 and the sidewall of the dispenser needle 5 is preferably less than 
about 0.15 mm. 
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The distance B between the tip of the dispenser needle 5 and the top surface of 
the substrate 1 is preferably in the range of about 20 |jm (0.02 mm) to about 100 pm 
(0.1 mm). If the distance B exceeds this range, it is difficult to form the resin pool 7 and 
the resin tends to extend upward along the chip component 2. Furthermore, the resin of 
the resin pool 7 tends to spread beyond the dispenser needle 5 in the opposite direction 
away from the dispenser needle 2, and thus, the undesired spread of the resin is likely 
to occur. If the distance B is less than the range, the dispenser needle 5 is more likely 
to come into contact with the substrate 1 due to the general positional accuracy of the 
dispenser needle 5. 

The preferred ranges for the distances A and B according to preferred 
embodiments of the present invention are not limited to those described above and may 
be changed depending on, for example, the viscosity of the resin 6, and the gap 
between the chip component 2 and the substrate 1. 

Preferably, the sidewall of the dispenser needle 5 is coated with a highly water- 
repellent material. When the resin 6 sticks to the sidewall of the dispenser needle 5 
during successive fabrication of the aforementioned circuit module, the amount of the 
resin supplied from the dispenser needle 5 may vary. To solve this problem, preferably 
the sidewall of the dispenser needle 5 is coated with a highly water-repellent material, 
thereby preventing the resin from sticking to the sidewall of the dispenser needle 5. The 
highly water-repellent material may be polytetrafluoroethylene, or other suitable 
materials. 

The present invention is not limited to each of the above-described preferred 
embodiments, and various modifications are possible within the range described in the 
claims. An embodiment obtained by appropriately combining technical features 
disclosed in each of the different preferred embodiments is included in the technical 
scope of the present invention. 
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